sunflower as cover crops on the occurrence of bacteria and fungi in the soil under carrot cultivation.
MATERIAL AND METHODS
The field experiment was conducted in the years 2010-2012 at the Felin Experimental Station belonging to the University of Life Sciences in Lublin, district of Lublin (22°56'E, 51°23'N, Central Eastern Poland, 200 m a.s.l.), on grey brown podzolic soil made of loess formations lying on chalk marls with the mechanical composition corresponding to silty medium loams. The object of the studies was the soil sampled each year from a depth of 5-6 cm of the plough layer of the field where carrot (Daucus carota L.) cv. Flakkee 2 was cultivated. The experiment took into consideration the cover crops such as rye, white mustard, buckwheat and sunflower. The experiment used three systems of soil tillage, i.e. (A) tillage before winter (ploughing) and spring tillage (combined cultivator); (B) tillage before winter (grubber) and spring tillage (combined cultivator); (C) spring tillage (combined cultivator). The soil from the field without cover crops cultivated was the control.
Microbiological analysis was made according to the method described by Czaban et al. (2007) . The soil was sampled from each experimental combination from four randomly chosen places. The total population of bacteria was marked on the Nutrient agar. In the case of bacteria from genus Bacillus, Tryptic soy agar was used, whereas Pseudomonas agar F was used for Pseudomonas spp. For isolation of Bacillus spp. soil dilutions were heated for 20 min at 80°C. Martin's medium was used to establish fungi number. After the incubation, the number of bacteria and fungi was converted into CFU/g of soil DW (colony forming units/g dry weight (DW) of soil).
Among the microorganisms colonies isolated from the soil, in each studied year 300 isolates of Bacillus spp. and Pseudomonas spp. were tested from each as well as all fungi isolates from the genera Clonostachys, Myrothecium, Penicillium and Trichoderma with the aim of determining their antagonistic effect towards Alternaria alternata, A. dauci, A. radicina, Fusarium culmorum, F. oxysporum, Fusarium solani, Sclerotinia sclerotiorum and Thanatephorus cucumeris. These fungi were isolated from the infected carrot plants. The antagonistic effect of the bacteria was studied according to the method described by Martyniuk et al. (1991) and Patkowska and Konopiński (2013a) . The method provided by Mańka and Mańka (1992) was used to determine the antagonistic effect of the studied fungi towards the enumerated plant pathogens.
Results concerning the populations of microorganisms were statistically analysed and the significance of differences was established on the basis of the Tukey's confidence intervals (P < 0.05). Statistical calculations were carried out using the Statistica program, version 6.0 (StatSoft, Krakow, Poland).
RESULTS AND DISCUSSION
The mean total population of bacteria in particular years of studies was on average from 4.06 × 10 6 to 9.40 × 10 6 CFU/g of soil DW ( Table 1) . The mean population of Bacillus spp. ranged from 1.97 × 10 6 to 6.15 × 10 6 CFU/g, while the mean population of Pseudomonas spp. ranged from 0.11 × 10 6 to 2.49 × 10 6 CFU/g. The largest population of those bacteria was found in the soil environment of carrot when rye was used as a cover crop and it differed in a statistically significant way from the populations in the other experimental treatments. The population of bacteria in the soil was smaller when white mustard, buckwheat and sunflower were as cover crops. The total population of fungi ranged from 46.55 × 10 3 to 94.86 × 10 3 CFU/g, on average. The largest population of fungi was observed in the control, while it was a little smaller after using sunflower, buckwheat and white mustard as cover crops. Similar relations in the composition of soil-borne microorganisms were observed after mulching the soil with oats and common vetch in the cultivation of carrot (Patkowska and Błażewicz-Woźniak 2014) , scorzonera (Patkowska and Konopiński 2013a) and onion (Pięta and Kęsik 2007) . The present studies showed that after using rye, the fungi population was twice as low as in the control and it differed in a statistically significant way from the population in the other experimental treatments. The system of tillage had no effect on the communities of the examined microorganisms.
During the three years of studies, 5032 isolates of fungi belonging to 28 species were isolated ( Rye and white mustard showed the most positive effect on the quantitative and qualitative composition of fungi. The smallest population of fungi considered being pathogenic and the highest population of fungi with antagonistic properties were isolated from those experimental treatments. Buckwheat and sunflower as cover crops also showed a protective effect in the cultivation of carrot as in those treatments of the experiment the population of soil-borne fungi was smaller than in the control. When white mustard, buckwheat and sunflower were the cover crops, the soil cultivation before winter (ploughing) and spring tillage (combined cultivator) -system A -proved the most effective. The population of isolated fungi in this system was the smallest. When rye was the cover crop, spring tillage of the soil (combined cultivator) -system C -had the most positive effect. As reported by Kołota and AdamczewskaSowińska (2013) , mulches limit the occurrence and development of phytopathogens in the cultivation of different vegetable species. Moreover, studies conducted by Patkowska and Konopiński (2011, 2013b ) confirmed a positive effect of oats and common vetch on the communities of soil-borne fungi in the cultivation of salsify and root chicory.
Laboratory tests showed that rye and white mustard as cover crops had the most positive effect on the population of antagonistic bacteria (Bacillus spp. and Pseudomonas spp.) and fungi (Clonostachys spp., Myrothecium spp., Penicillium spp. and Trichoderma spp.) (Figure 1 ). After buckwheat and sunflower were used as the cover crops, a smaller population of microorganisms antagonistic towards the studied pathogenic fungi was observed Means in columns followed by the same letter do not differ significantly at P ≤ 0.05. A -tillage before winter (ploughing) and spring tillage; (combined cultivator); B -tillage before winter (grubber) and spring tillage (combined cultivator); C -spring tillage (combined cultivator); DW -dry weight; CFU -colony forming units as compared to the use of rye and white mustard. Regardless of the system of tillage, the smallest population of antagonistic bacteria and fungi was observed in the conventional cultivation of carrot.
The activity of soil-borne pathogens can be limited by the root exudates of phytosanitary plants which promote the development of antagonistic microorganisms (Patkowska 2009 , Li et al. 2013 ). 
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